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Abstract
Introduction: Entry inhibitors are a relatively new class of antiretroviral therapy 
and are typically indicated in heavily treatment experienced individuals living 
with HIV. Despite this, there is no formal definition of ‘heavily treatment ex-
perienced’. Interpretation of this term generally includes acknowledgement of 
multidrug resistance and reflects the fact that patients in need of further treat-
ment options may have experienced multiple lines of therapy. However, it fails to 
recognize treatment limiting factors including contraindications, age-associated 
comorbidities, and difficulty adhering to regimens.
Methods: This manuscript follows a roundtable discussion and aims to identify 
the unmet needs of those living with HIV who are in need of further treatment 
options, to broaden the definition of heavily treatment experienced and to clarify 
the use of newer agents, with an emphasis on the potential role of entry inhibi-
tors, in this population.
Results/Conclusions: Within the entry inhibitor class, mechanisms of action 
differ between agents; resistance to one subclass does not confer resistance to 
others. Combinations of entry inhibitors should be considered in the same regi-
men, and if lack of response is seen to one entry inhibitor another can be tried. 
When selecting an entry inhibitor, physicians should account for patient pref-
erences and needs as well as agent-specific clinical characteristics. Absence of 
documented multidrug resistance should not exclude an individual from treat-
ment with an entry inhibitor; entry inhibitors are a valuable treatment option 
for all individuals who are treatment limited or treatment exhausted. We should 
advocate for additional clinical trials that help define the role of entry inhibitors 
in people with exhausted/limited ART options other than drug resistance.
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INTRODUCTION

With over 37 million individuals living with HIV world-
wide at the end of 2018, HIV infection remains an im-
portant clinical challenge. Increasing access to effective 
prevention and treatment, and ongoing improvements 
in antiretroviral therapy (ART) have led to reductions 
in both morbidity and mortality and mean that HIV has 
largely become a manageable chronic condition [1]. Since 
the discovery of HIV in 1983, over 30 drugs and their com-
binations have been approved for clinical use [2,3]. Using 
these combinations, it is possible to suppress the virus for 
the majority of individuals living with HIV; however, a 
small proportion of individuals who are ‘heavily treatment 
experienced’ (HTE) reach a point where antiretroviral reg-
imens are no longer suppressive. Despite common use of 
the term ‘HTE’, it has no universally accepted definition, 
making it difficult to determine the number of individu-
als living with HIV who are HTE. A retrospective cohort 
study of commercial and Medicare Advantage health plan 
enrollees in the USA between 2013 and 2019 found that 
16.1% of 14 258 people living with HIV were HTE [4]. An 
ongoing cohort study of 22  000 Europeans living with 
HIV estimates that approximately 10% are HTE, with this 
figure rising from just 5.8% in 2010 to 8.9% in 2016 [5]. 
Conversely, a study of ART-experienced individuals with 
HIV living in the USA found that the number with limited 
remaining treatment options declined from 5.2%–7.8% in 
2000–2006 to <1% from 2012 through 2017 [6]. Clearer 
definition of HTE is needed to help physicians identify 
those in need.

In order to treat HTE individuals living with HIV, novel 
agents are needed. Three new agents have recently been 
approved in HTE individuals living with HIV: fostemsavir, 
a gp120-directed attachment inhibitor (2020); ibalizumab, 
a CD4-directed post-attachment inhibitor (2018); and al-
buvirtide, a fusion inhibitor (2018) [7–9]. Ibalizumab and 
fostemavir are first-in-class agents, and all three fall in to 
the broader group of entry inhibitors, which prevent viral 
entry into host CD4+ cells. These drugs are associated 
with different side effect profiles and contraindications 
[7,8,10,11].

In the past, individuals with documented multidrug 
resistance were recruited to trials of entry inhibitors [12–
15], aligning with traditional – yet informal – definitions 
of HTE. However, HTE is not the sole reason for the need 
for new agents. For example, being older with multiple 
age-associated comorbidities and a need to consider drug–
drug interactions or complex polypharmacy regimens 
could necessitate regimen simplification and therefore a 
desire for new ARTs. Although many of the factors associ-
ated with treatment exhaustion/limitation may be present 
in those who are HTE, they can also exist independently 

of multidrug resistance and duration of treatment experi-
ence, necessitating the coining of a new term to identify 
individuals who are not HTE but simply in need of new 
treatment options. This paper identifies and defines indi-
viduals living with HIV in need of alternative/novel treat-
ment options; we also discuss the benefits and challenges 
of new antiretroviral therapies.

DIFFERENTIATING ENTRY 
INHIBITORS: AN OVERVIEW

Since 2003, several entry inhibitors have been approved 
for use in HTE individuals with HIV. It is important to 
note that, while they are all ‘entry inhibitors’, they do not 
all share a common mechanism of action and, as such, 
belong to several distinct classes. With several new entry 
inhibitors in development, it is important for treating 
physicians to understand the differences between agents 
so they can optimize treatment choices for individuals in 
need of further treatment options.

Available entry inhibitors target different aspects of 
the HIV entry process, reflecting the multistep nature of 
viral entry. The first step required for viral entry (Figure 1) 
entails binding of gp120 to the CD4 receptor [16]. This 
induces a conformational change, which exposes a co-
receptor binding site on Gp120 [17]. Gp120 co-receptor 
binding exposes the N-terminal portion of the gp41 sub-
unit, also known as the fusion peptide, which then inserts 
into the host cell membrane [17]. Folding of the gp41 sub-
unit brings the viral envelope and host-cell membrane into 
close proximity, facilitating membrane fusion and allow-
ing deposition of the viral core into the host cell [17].

Entry inhibitors can be broadly classified into four cat-
egories when using the viral entry process as a framework 
for classification (Figure 2). First, pre-attachment inhibi-
tors, such as fostemsavir, directly inhibit the gp120–CD4 
interactions, preventing the first stage of viral attachment 
[11]. In addition, binding of temsavir to gp120 blocks the 
conformational rearrangements triggered by CD4 bind-
ing that result in eventual fusion of the virus to the cell 
[18]. Post-attachment inhibitors, such as ibalizumab, bind 
to CD4 receptors away from the CD4–gp120 interaction. 
This induces conformational changes in the CD4–gp120 
complex that ultimately prevent HIV fusion and entry 
[19,20]. CCR5 antagonists, such as maraviroc and leron-
limab, bind to the co-receptor CCR5, thereby preventing 
gp120–co-receptor attachment and complete viral dock-
ing of variants that use CCR5 [21]. Fusion inhibitors, 
such as enfuvirtide and albuvirtide, associate with the 
HR1 domain of gp41, preventing association of the HR1 
and HR2 domains, which is usually needed to bring the 
viral and host cell membranes in to close proximity and 
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facilitate membrane fusion [22,23]. It is important that 
treating physicians are aware of the differing mechanisms 
of action of entry inhibitors, as this enables them to better 
identify which individual living with HIV would benefit 
most from which entry inhibitor.

A key benefit of differing mechanisms of action is that 
resistance to one class of entry inhibitor does not imply 
cross-resistance to other classes of entry inhibitor. In vitro 
studies suggest that mutation in the HR1 domain of gp41 
confers resistance to the fusion inhibitor enfuvirtide [24]; 
however, HR1  mutations have minimal impact on viral 
sensitivity to inhibitors targeting CCR5 or CXCR4 and 

indeed on fusion inhibitors other than enfuvirtide [25,26]. 
The most common mechanism for escape from inhibition 
by CCR5 antagonists is emergence of virus capable of 
using CXCR4 as a co-receptor. In addition, resistance to 
maraviroc in viruses that remain R5 can emerge through 
mutation in the V3 loops and C4 region of gp120 [27,28], 
which allow CCR5–gp120 binding, even in the presence 
of maraviroc. In the case of these mutations, resistance to 
one CCR5 antagonist is likely to confer resistance to multi-
ple CCR5 antagonists [29]; however, it is important to note 
that this is not always the case [30,31] and that there is 
no evidence that this mutation should confer resistance to 

F I G U R E  1   HIV entry process. (a) gp120–CD4 binding; (b) gp120–co-receptor binding and exposure of the N-terminal portion of the 
gp41 subunit; (c) gp41 subunit folding; (d) membrane fusion of the viral and host cells

F I G U R E  2   Entry inhibitors in HIV. Pre-attachment inhibitor, fostemsavir (a), blocks interactions between the gp120 and CD4 receptors; 
post-attachment inhibitor, ibalizumab (b), attaches to the CD-4 receptor away from the gp120–CD4 interaction, inducing conformational 
changes that prevent the latter steps of viral entry; CCR5 antagonists maraviroc (c) and leronlimab (d) non-competitively inhibit gp-120–
CCR5 interaction; fusion inhibitors such albuvirtide and enfuvirtide (e) bind gp41 and prevent insertion of gp41 to the viral membrane
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pre-attachment, post-attachment, or fusion inhibitors. Of 
note, it is important to establish the absence of X4 or dual 
tropic virus before initiating treatment because maraviroc 
treatment could unmask pre-existing lineages of CXCR4 
tropic virus [32]. Finally, resistance to ibalizumab is as-
sociated with loss of glycosylation sites at the N-terminal 
V5 loop of gp120 [33,34] again a different mechanism to 
that outlined earlier, and is noted as not conferring resis-
tance to other classes of entry inhibitors.

A secondary advantage of the different mechanisms of 
action of entry inhibitors is the possibility that subclasses 
could be combined because they are not antagonistic and 
may be synergistic. Although clinical data on this point 
are lacking, in vitro evidence supports an additive effect of 
multiple entry inhibitors. For example, one study demon-
strated the synergistic antiretroviral activity of enfuvirtide 
and ibalizumab across a range of laboratory and clinically 
derived HIV strains [35]. Similarly, enfuvirtide demon-
strates an additive antiretroviral effect when combined 
with maraviroc in vitro [36] An ongoing phase II study of 
albuvirtide and the CD4-neutralizing antibody 3BNC117 
is expected to complete in 2022 [37]. Further studies are 
needed to determine the efficacy of combinations of dif-
ferent classes of entry inhibitors and to determine the clin-
ical benefits that may be derived from these combinations.

Practical considerations: formulation, 
administration, adverse events and 
contraindications

Post-marketing data suggest that the use of entry inhibi-
tors has been limited because of reticence on the part of 
physicians and patients. Each entry inhibitor is associ-
ated with different adverse event profiles, administration 
methods, and contraindications (Table 1), which, as dis-
cussed, are instrumental to treatment selection in indi-
viduals with HIV.

Post-marketing data shows that >10% of patients dis-
continue enfuvirtide within 6 months of beginning treat-
ment [38,39]. In another study involving US veterans, 70% 
discontinued enfuvirtide within 2 years, with 42% of these 
discontinuations occurring at the patient's request and 
18% attributed to toxicities, including injection site reac-
tions [38]. Treatment-related adverse events are common, 
with data suggesting that over 70% of patients experience 
injection site reactions or pain [38,40]. Additionally, en-
fuvirtide injections must be administered twice daily, 
increasing the daily treatment burden for patients [10]. 
Injectable therapies may be more palatable if given less 
frequently. Surveys suggest that most patients would ac-
cept the need for injectable therapy in addition to oral 
therapy, with some reporting that ~90% of participants 

do not feel daily injections interfere with day-to-day life 
[39,41]. To help combat this, it is recommended that the 
clinician educates the patient on proper injection tech-
nique before first use [10].

Post-marketing surveillance suggests that virological 
failure on maraviroc affects between 12% and 42% of indi-
viduals, and up to 20% discontinue the drug within 1 year, 
although the reasons for discontinuation are not always 
clear [42–44]. Maraviroc must be variably dose-adjusted 
when co-administered with cytochrome P450 (CYP)-3A4 
inducers and inhibitors, which may lead to prescribing er-
rors and reticence to use the drug [9,45]. A further barrier 
to administration of maraviroc is the requirement for tro-
pism testing prior to initiation to confirm that only CCR5-
tropic HIV-1 is detectable [9].

Real-world data for more recently approved entry in-
hibitors are lacking, and there could be barriers to a wide 
uptake of these drugs. Ibalizumab – formulated for intra-
venous infusion – must be administered by a trained med-
ical professional [7]. Although adherence was relatively 
high (78%) during the TMB-301 trial [14], the feasibility 
of bi-weekly ibalizumab infusion in a real-world setting 
is not yet known. Factors outside of patient or physician 
control, such as unstable housing, incarceration, or trans-
portation barriers, may inhibit access to a suitable infu-
sion environment. Similarly, visiting a clinic frequently 
may be undesirable for a number of reasons, including in-
convenience, fear of HIV-related stigma or, more recently, 
coronavirus disease 2019 (COVID-19). On the other hand, 
it has been demonstrated that frequent attendance at 
clinic is associated with higher levels of adherence to oral 
medication [46] perhaps because of the increased contact 
between individuals living with HIV and healthcare prac-
titioners, which may mean that necessitating clinical vis-
its for infusion could improve overall adherence. Finally, 
cost may also be a barrier for some newer agents, although 
recent analyses have suggested the cost effectiveness and 
low budgetary impact of ibalizumab and fostemsavir use, 
despite high prices [47]. Where cost is prohibitive, enroll-
ment in investigational trials or use of special access pro-
grammes may help failitate access to these medications.

REDEFINING ‘HEAVILY 
TREATMENT EXPERIENCED’:  IS 
THERE A NEED?

Experience from clinical trials

Given the high level of need for new treatment options in 
HTE individuals, new agents typically target, and are sub-
sequently approved in, this population. However, in the 
absence of a universally agreed definition of HTE, clinical 
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trials of entry inhibitors have used a variety of definitions 
in recruiting these individuals to pivotal studies. In 2003, 
enfuvirtide became the first entry inhibitor approved for 
use in HIV based on results from the pivotal TORO trials. 
These trials recruited individuals living with HIV who had 
previously received at least 6 months of therapy with one 
or more nucleoside reverse transcriptase inhibitor, one or 
more non-nucleoside reverse transcriptase inhibitor, and 
two or more protease inhibitors; documented resistance 
to drugs in these classes; or both. In addition, individuals 
had a plasma HIV-1 RNA level of ≥5000 copies/ml [13]. 
In 2007 and 2018, respectively, the MOTIVATE trials of 
maraviroc and the TMB-301 study of ibalizumab reported 
results in individuals with documented resistance to three 
or more classes [12,14]. The MOTIVATE trials of maravi-
roc also enrolled individuals with ≥6 months of experience 
with one or more drug from three classes [12]. Although 
they used similar definitions for treatment experience, the 
cutoffs for viral load differed (Table 2). In July 2020, the 
FDA approved fostemsavir following the BRIGHTE trials, 
which recruited individuals living with HIV with treat-
ment exhaustion (here defined as elimination of all agents 
in one class due to resistance, side effects, contraindica-
tions or, in the case of enfuvirtide, unwillingness) of four 
or more of six classes of antiretroviral drug resistance and 
HIV RNA viral load ≥400 copies per ml [15]. As the defini-
tion of HTE varied from trial to trial, direct comparisons 
of the efficacy and safety between entry inhibitors in this 
population are difficult.

Looking beyond multidrug resistance

Acquired resistance to ART increases with time on treat-
ment and is relatively more common in developing coun-
tries [48]. The latter can be attributed to the relatively low 
number of treatment options leading to heavier resistance 
profiles and transmission of resistant virus. Additionally, 
non-nucleoside reverse transcriptase inhibitor-based 
regimens, which are more susceptible to resistance than 
boosted protease inhibitor regimens, are more commonly 
used in low-income countries than in higher-income 
countries [48]. However, there are multiple underlying 
causes of virological failure, and understanding these 
causes can help to identify at-risk individuals.

Need to increase adherence

The development of multidrug resistance in HIV is 
strongly associated with poor or intermittent adherence 
to ART [49]. Factors commonly linked to poor adherence 
include lack of self-efficacy (i.e. individual belief that they 

can maintain a regimen), poor outcome expectations (i.e. 
lack of perceived benefits), complex regimens, side ef-
fects, mental health and substance abuse disorders, and 
structural barriers such as high cost [50–54]. In many 
countries, stigma is commonly cited as a reason for poor 
adherence [55,56] and can act as a deterrent for patients 
to attend clinics. Self-stigma is also a strong predictor of 
non-adherence [57]. Dosing and formulation also play a 
role: meta-analyses have found that decreasing dosing 
schedules from multiple times daily to once daily is associ-
ated with higher levels of adherence in people living with 
chronic diseases [58], and self-reported adherence to ART 
is higher in people taking single-tablet regimens [59].

Need to consider older age and comorbidity

In the absence of at least some immunological recovery, 
continued proinflammatory status is associated with an 
increased risk of comorbidity development, including in-
creased risk of cardiovascular disease, diabetes, and kid-
ney dysfunction, among others. Individuals living with 
HIV are also at greater risk of many types of cancer, with 
the incidence of non-AIDs-related primary tumours in-
creasing over time [60]. In addition, in many high-income 
countries, many individuals living with HIV are aged 
>50 years and may have multiple HIV-related and HIV-
unrelated comorbidities. The need for additional medica-
tions to treat these comorbidities increases the chances of 
drug interactions, often requiring the ART regiment to be 
altered or simplified. In addition, older adults appear to 
be at greater risk of ART-associated toxicities, including 
nephrotoxicity, osteoporosis, and cardiovascular disease 
[61]. Consideration of advanced age and comorbidity is 
therefore paramount, as intolerable side effects may be 
increased in this population and are a key reason for non-
adherence and treatment discontinuation.

Need to consider pregnancy and childhood

Among entry inhibitors, fostemsavir and ibalizumab are 
contraindicated during pregnancy [62,63], whereas en-
fuvirtide and maraviroc should only be used if clearly 
needed [45,64]. Whether the definition of HTE should be 
expanded to include pregnant or breastfeeding women 
and children because of a lack of evidence for entry in-
hibitor use in these populations is less clear. Transparent 
discussions of the risks and benefits of the various options 
is vital.

In conclusion, ART options may become exhausted 
as a result of several underlying factors, not just ‘heavy 
treatment’ or multidrug resistance. Individuals may not 
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be able to tolerate or adhere to conventional treatment 
regimens due to structural barriers, comorbidities, con-
traindications, mental health and substance misuse is-
sues, health beliefs, or the presence of comorbidities or 
contraindications. People with HIV experiencing such 
barriers in the absence of multidrug resistance may be 
lacking viable treatment regimens. Similarly, people 
with a high level of documented resistance but complex, 
unsustainable regimens may benefit from new treatment 
options. As such these ‘treatment-limited/exhausted’ in-
dividuals should be considered in a similar way as HTE 
individuals living with HIV. Incorporation of such indi-
viduals into clinical trials of future/potential agents is 
important to improve the outcomes of those living with 
HIV, and careful thought is needed in considering how 
best to study these drugs in those who are treatment 
limited/exhausted.

TREATMENTS AIMS AND 
OPTIMUM USE OF ENTRY 
INHIBITORS

In accordance with European AIDS Clinical Society and 
US Department of Health and Human Services guidelines 
for the management of patients with virological failure, 
the main aim of ART in HTE and treatment-limited/ex-
hausted individuals living with HIV should be to establish 
an antiretroviral regimen that includes two fully active 
drugs that can suppress viraemia to below 200 copies/ml 
(and if possible, below 50 copies/ml) and thus restore im-
mune function [3,65]. Ideally, at least one of these agents 
should have a high resistance barrier to prevent further 
treatment failure; if this is not possible, a three-agent 
regimen should be initiated [3,65]. When initiating a 
new antiretroviral regimen in HTE or treatment-limited/
exhausted individuals living with HIV, it is important to 
consider the reasons behind virological failure, which 

may be numerous and complex. As such, it is necessary 
to choose a regimen that minimizes toxicity in the patient 
and is sustainable in the long term with consideration for 
an individual's health, beliefs, ability (or lack thereof) to 
adhere to a complex regimen, and access to ARTs and 
medical care.

The absence of documented multidrug resistance 
should not exclude an individual from treatment with 
an entry inhibitor. Entry inhibitors should be considered 
as valuable treatment options in all individuals who are 
treatment limited or treatment exhausted. Highest pri-
ority should be given to producing a regimen that re-
sults in sufficient virological suppression, followed by 
considerations of toxicity, drug–drug interactions, and 
age. Contraindications, adverse event profile, and dos-
ing method (Table 1) should guide the choice of entry 
inhibitor, with each class having potential advantages 
and disadvantages dependent on the individual's needs 
(Table 3).

In addition to use with other types of ARTs, entry in-
hibitors could be considered for use in combination with 
each other. Synergistic activity of entry inhibitors has been 
demonstrated in vitro [35,36] so a regimen using two entry 
inhibitor drugs could be a feasible option in some circum-
stances. Developing a regimen for an HTE or treatment-
limited person living with HIV can be complex and should 
be performed with help or advice from appropriate expe-
rienced specialists where possible [65]. Randomized trials 
to study the use of these drugs in combination should be 
encouraged.

CONCLUSION

Many individuals living with HIV are in need of further 
treatment options for reasons beyond multidrug resist-
ance or extensive treatment experience. In addition to 
being of potential clinical benefit in HTE individuals, entry 

T A B L E  2   Inclusion criteria for key clinical trials of entry inhibitors

Enfuvirtide [13] 2003 TORO−1 N = 501 >6 months therapy with ≥1 NRTI, ≥1 nNRTI, and ≥2 PI and/or 
documented resistance to these drugs

HIV RNA count ≥5000 copies per ml with current regimen

Maraviroc [12] 2007 MOTIVATE−1 & 
MOTIVATE−2

N = 1049 ≥1 drug from 3 classes for ≥6 months, or documented ≥3-class 
resistance

HIV RNA count ≥5000 copies per ml with current regimen

Ibalizumab [14] 2018 TMB−301 N = 40 >6 months therapy, ≥3-class resistance and ≥1 active agent
HIV RNA count ≥1000 copies per ml with current regimen

Fostemsavir [15] 2020 BRIGHTE N = 371 Exhaustion (resistance/intolerance) of ≥4 of six classes of 
antiretroviral drug

HIV RNA count ≥400 copies per ml with current regimen

Abbreviations: nNRTI, non-nucleoside reverse transcriptase inhibitor; NRTI, nucleoside/nucleotide reverse transcriptase inhibitor; PI, protease inhibitor.
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inhibitors may be viable treatment options for treatment-
exhausted or treatment-limited individuals. The vast 
majority of participants enrolled into the trials discussed 
earlier had highly drug-resistant virus and needed ad-
ditional ‘standard’ drugs to fully suppress the virus. We 
should advocate for additional clinical trials that help de-
fine the role of entry inhibitors in people with exhausted/
limited ART options other than drug resistance. Not all 
entry inhibitors share the same characteristics because of 
their differing mechanisms of action. Treating physicians 
should account for patient needs as well as drug charac-
teristics when choosing a treatment. Contraindications, 
adverse event profile, and dosing method should guide the 
choice of entry inhibitor, with each class being suitable 
in different situations. Combinations of entry inhibitors 
should be considered where multidrug resistance occurs 
because of their different mechanisms of action.
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